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Description

Title of Invention: APPARATUS AND METHOD FOR MANU-

FACTURING PHASE-TYPE DIFFRACTION ELEMENT USING

[1]

[2]

[3]

[4]

[5]

[6]

LASER EXPOSURE TYPE
Technical Field

The present invention relates to an apparatus for manufacturing a phase-type
diffraction element using a direct laser exposure method, a method of manufacturing a
phase-type diffraction element, and a phase-type diffraction element using a direct
laser exposure method. More specifically, the present invention relates to an apparatus
and method for manufacturing a phase-type diffraction element by radiating a laser

beam on a substrate formed of photo-curable resin.

Background Art

A photo lithography method, an ion beam method, a laser exposure method and the
like exist as conventional methods of manufacturing a micro pattern. Here, the ion
beam method is used to manufacture a cutting-edge product or a LSI semiconductor
since a micro pattern having a further minute line width can be manufactured owing to
a narrow line width of an ion beam. The laser exposure method forms a micro pattern
through an etching process by radiating a laser beam after coating a photosensitive film
3, physical properties of which are changed by the laser beam, on a substrate 4.

FIG. 1 is a cross-sectional view mimetically showing a laser beam 1 penetrating an
exposure lens 70 and radiated on a photosensitive film 3 in the prior art. As shown in
FIG. 1, a micro pattern may be manufactured by radiating the laser beam 1 penetrating
the exposure lens 70 on the photosensitive film 3 and performing an etching process.

In addition, the phase-type diffraction element may be manufactured by applying a
direct laser exposure method. That is, since the refractive index of photo-curable resin
is changed by the strength and phase of the laser beam 1, a phase-type diffraction
element having a desired refractive index can be manufactured by applying the direct
laser exposure method.

Such photo-curable resin is used to manufacture a conventional lens 6. However,
although a uniform refractive index is needed inside the lens 6 when the laser beam 1
penetrating the exposure lens 70 is radiated on the surface of the lens 6 formed of
photo-curable resin, it is difficult to uniformly maintain output of the laser beam
radiated on the surface of the lens 6.

FIG. 2 is a cross-sectional view mimetically showing a laser beam 1 penetrating an
exposure lens 70 and radiated on the surface of a lens 6 formed of photo-curable resin.

As shown in FIG. 2, if the exposure lens 70 is moved in parallel in the plane direction
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when the laser beam 1 penetrating the exposure lens 70 is radiated on the lens 6 formed
of photo-curable resin, laser output radiated at the end portion of the lens 6 formed of
photo-curable resin is different from laser output radiated on the middle portion of the
lens 6, and thus the lens 6 may not have a uniform refractive index. In addition, since
curing the inner part of the lens 6 formed of photo-curable resin may give a bad effect
of changing again curing the outer part of the lens 6, it is difficult to manufacture a lens

6 having a uniform refractive index.
As a result, the photo-curable resin is used for coating purpose or for manufacturing

an optical waveguide by radiating uniform light on the photo-curable resin of a plate
form. FIG. 3 is a cross-sectional view showing a state of radiating a laser beam on the
surface of a substrate formed of photo-curable resin.

Accordingly, in addition to applying the photo-curable resin to a coating or an optical
waveguide, it is required to provide a method and apparatus for manufacturing a phase-
type diffraction element by applying a direct laser exposure method using charac-

teristics of the photo-curable resin.
Disclosure of Invention

Technical Problem

Therefore, the present invention has been made in view of the above problems, and it
is an object of the present invention to provide a method and apparatus for manu-
facturing a phase-type diffraction element of a sine wave or a sawtooth wave having a
desired refractive index by radiating a laser beam, which can be adjusted in quantity,
on a substrate formed of photo-curable resin.

The other objects, specific advantages and new features of the present invention will
be further clarified from the following detailed descriptions and preferred em-
bodiments made with reference to the accompanying drawings.

Solution to Problem

To accomplish a first object of the present invention, there is provided an apparatus
for manufacturing a phase-type diffraction element using a direct laser exposure
method, the apparatus including: a laser generation unit for generating a laser beam
having a specific width; an exposure lens for penetrating the laser beam generated by
the laser beam generation unit; a substrate formed of photo-curable resin and installed
at a focus of the exposure lens, on which the laser beam is radiated on, and a refractive
index of which is changed by the laser beam; and a driving unit for moving the
substrate or the exposure lens in a plane direction.

In addition, the laser beam may be a Gaussian beam.

The cross section of the Gaussian beam may have an optical strength gradually de-

creasing from a center toward an outer circumference.
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The apparatus for manufacturing a phase-type diffraction element may further
include a substrate installation unit for installing the substrate, and the driving unit may
include an X-axis driving unit for moving the substrate installation unit or the exposure
lens in an X-axis direction which is parallel to the plane direction.

The driving unit may further include a Y-axis driving unit for moving the substrate
installation unit or the exposure lens in a Y-axis direction which is parallel to the plane
direction and perpendicular to the X-axis direction.

The driving unit may further include a rotation driving unit for rotating the substrate
installation unit on a Z-axis which is a vertical axis.

The apparatus for manufacturing a phase-type diffraction element may further
include a control unit for controlling a moving direction and a moving speed of the X-
axis driving unit, the Y-axis driving unit and the rotation driving unit.

To accomplish a second object of the present invention, there is provided an
apparatus for manufacturing a phase-type diffraction element using a direct laser
exposure method, the apparatus including: a laser generation unit for generating a laser
beam having a specific width; a light quantity control unit for adjusting light quantity
of the laser beam generated by the laser generation unit; an exposure lens for pen-
etrating the laser beam generated by the laser beam generation unit; a substrate formed
of photo-curable resin and installed at a focus of the exposure lens, on which the laser
beam is radiated on, and a refractive index of which is changed by the laser beam; and
a driving unit for moving the substrate or the exposure lens in a plane direction.

In addition, the light quantity control unit may include an acousto-optic modulator, a
beam splitter, a photodiode and a controller.

The apparatus for manufacturing a phase-type diffraction element may further
include a substrate installation unit for installing the substrate, and the driving unit may
include an X-axis driving unit for moving the substrate installation unit or the exposure
lens in an X-axis direction which is parallel to the plane direction.

The driving unit may further include a Y-axis driving unit for moving the substrate
installation unit or the exposure lens in a Y-axis direction which is parallel to the plane
direction and perpendicular to the X-axis direction.

The driving unit may further include a rotation driving unit for rotating the substrate
installation unit on a Z-axis which is a vertical axis.

The apparatus for manufacturing a phase-type diffraction element may further
include a control unit for controlling a moving direction and a moving speed of the X-
axis driving unit, the Y-axis driving unit and the rotation driving unit.

The apparatus for manufacturing a phase-type diffraction element may further
include a focus adjustment unit for adjusting the focus of the exposure lens by

adjusting a distance between the exposure lens and the substrate.
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To accomplish a third object of the present invention, there is provided a method of
manufacturing a phase-type diffraction element using a direct laser exposure method,
the method including the steps of: generating, by a laser generation unit, a Gaussian
beam having a specific width; passing the Gaussian beam through an exposure lens;
radiating the Gaussian beam on a substrate formed of photo-curable resin and installed
at a focus of the exposure lens; changing a refractive index of the substrate on which
the Gaussian beam is radiated; driving, by a control unit, any one of an X-axis driving
unit for moving a substrate installation unit or the exposure lens in an X-axis direction
which is parallel to a plane direction, a Y-axis driving unit for moving the substrate in-
stallation unit or the exposure lens in a Y-axis direction which is perpendicular to the
X-axis direction and parallel to the plane direction, and a rotation driving unit for
rotating the substrate installation unit on a Z-axis which is a vertical axis; and forming
a sine wave phase diffraction grating on the substrate on which the Gaussian beam is

radiated.
To accomplish a fourth object of the present invention, there is provided a method of

manufacturing a phase-type diffraction element using a direct laser exposure method,
the method including the steps of: generating, by a laser generation unit, a laser beam
having a specific width; adjusting, by a light quantity control unit, the laser beam to
have a set light quantity; passing the laser beam through an exposure lens; radiating the
laser beam on a substrate formed of photo-curable resin and installed at a focus of the
exposure lens; changing a refractive index of the substrate on which the laser beam is
radiated; radiating the laser beam on the substrate as wide as a set moving distance by
controlling, by a control unit, an X-axis driving unit which moves a substrate in-
stallation unit or the exposure lens in an X-axis direction which is parallel to a plane
direction; moving, by a Y-axis driving unit, the substrate installation unit or the
exposure lens as much as a specific distance in a Y-axis direction which is per-
pendicular to the X-axis direction and parallel to the plane direction; and repeating the
step of radiating the laser beam and the step of changing the light quantity.

The method of manufacturing a phase-type diffraction element may further include
the step of adjusting, by a focus adjustment unit, a focus of the exposure lens by
adjusting a distance between the exposure lens and the substrate.

To accomplish a fifth object of the present invention, there is provided a phase-type
diffraction element manufactured by the method of manufacturing a phase-type

diffraction element described above.
Advantageous Effects of Invention

Therefore, according to an embodiment of the present invention described above, a

phase-type diffraction element of a sine wave or a sawtooth wave having a desired re-
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fractive index can be manufactured by radiating a laser beam, which can be adjusted in

quantity, on a substrate formed of photo-curable resin.
Further, since a Gaussian beam is used and the control unit controls the X-axis

driving unit, the Y-axis driving unit and the rotation driving unit, a variety of sine
wave phase-type diffraction elements of a desired type may be manufactured, and
since the control unit controls the light quantity control unit, the X-axis driving unit,
the Y-axis driving unit and the rotation driving unit, a phase-type diffraction element
of a desired sawtooth wave may be manufactured.

Although the present invention is described in relation to the preferred embodiments
described above, those skilled in the art may easily recognize that a variety of changes
and modifications can be made without departing from the scope and spirit of the
present invention, and it is apparent that the changes and modifications are within the
scope of the appended claims.

Brief Description of Drawings

FIG. 1 is a cross-sectional view mimetically showing a laser beam penetrating an
exposure lens and radiated on a photosensitive film in the prior art.

FIG. 2 is a cross-sectional view mimetically showing a laser beam penetrating an
exposure lens and radiated on the surface of a lens formed of photo-curable resin.

FIG. 3 is a cross-sectional view showing a state of radiating a laser beam on the
surface of a substrate formed of photo-curable resin.

FIG. 4 is a cross-sectional view showing an apparatus for manufacturing a phase-type
diffraction element using a direct laser exposure method according to an embodiment
of the present invention.

FIG. 5 is a cross-sectional view mimetically showing a Gaussian beam penetrating an
exposure lens and radiated on the surface of a substrate formed of photo-curable resin.
FIG. 6 is a graph showing a refractive index according to the cross section and the

diameter of a Gaussian beam.

FIG. 7 is a plan view of a substrate showing a radiation direction of a laser beam
radiated by an apparatus for manufacturing a phase-type diffraction element using a
direct laser exposure method according to a first embodiment of the present invention.

FIG. 8 is a plan view showing a phase-type diffraction element manufactured by a
method of manufacturing a phase-type diffraction element using a direct laser exposure
method according to a first embodiment of the present invention.

FIG. 9 is a cross-sectional view showing distribution of refractive index of a phase-
type diffraction element manufactured by a method of manufacturing a phase-type
diffraction element using a direct laser exposure method according to a first em-

bodiment of the present invention.
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FIG. 10 is a cross-sectional view of a substrate and an exposure lens showing a
method of manufacturing a phase-type diffraction element using a direct laser exposure

method according to a second embodiment of the present invention.
FIG. 11 is a plan view of a substrate showing a radiation direction of a laser beam

radiated by an apparatus for manufacturing a phase-type diffraction element using a
direct laser exposure method according to a second embodiment of the present
invention.

FIG. 12 is a plan view showing a phase-type diffraction element manufactured by a
method of manufacturing a phase-type diffraction element using a direct laser exposure
method and a graph showing distribution of refractive index according to a second em-
bodiment of the present invention.

FIG. 13 is a block diagram showing signal flow in a control unit of an apparatus for
manufacturing a phase-type diffraction element using a direct laser exposure method
according to an embodiment of the present invention.

FIG. 14 is a flowchart illustrating a method of manufacturing a phase-type diffraction
element using a direct laser exposure method according to a second embodiment of the
present invention.

<DESCRIPTION OF SYMBOLS>

1: Laser beam 2: Gaussian beam

3: Photosensitive film 4: Substrate

5: Photo-curable resin substrate 6: Lens

7: Phase-type diffraction element 8: Radiation direction

9: Refractive index 10: Laser generation unit

20: Light quantity control unit 21: Beam splitter

22: Acousto-optic modulator 23: Photodiode

24: Controller 30: Shutter

40: Exposure head 50: Tilt mirror

60: Laser diode 61: Optical detector

62: Focus control unit 63: PZT driver

70: Exposure lens

80: Substrate installation unit 81: Substrate jig

90: Rotation driving unit 91: Tilt table

92: X-axis driving unit 93: Y-axis driving unit

94 Control unit

100: Apparatus for manufacturing phase-type diffraction element using direct laser

exposure method

Best Mode for Carrying out the Invention
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The preferred embodiments of the present invention that can be easily practiced by
those skilled in the art will be hereafter described in detail with reference to the ac-
companying drawings. However, in describing the operating principles of the preferred
embodiments of the present invention in detail, if already known functions or specific
description of constitution related to the present invention may make the spirit of the
present invention unclear, detailed description thereof will be omitted.

In the drawings illustrating the embodiments of the invention, elements having like
functions will be denoted by like reference numerals and details thereon will not be
repeated. Throughout the specification, when an element is connected to another
element, it includes a case of indirectly connecting the elements with intervention of
another element therebetween, as well as a case of directly connecting the elements. In
addition, the concept of including a constitutional element means further including
another constitutional element, not excluding another constitutional element, as much
as an opposed description is not specially specified.

Hereinafter, the configuration of an apparatus 100 for manufacturing a phase-type
diffraction element using a direct laser exposure method according to an embodiment
of the present invention and a method of manufacturing a phase-type diffraction
element using a direct laser exposure method according to the manufacturing apparatus
100 will be described. First, FIG. 4 is a cross-sectional view showing an apparatus 100
for manufacturing a phase-type diffraction element using a direct laser exposure
method according to an embodiment of the present invention.

As shown in FIG. 4, the apparatus 100 for manufacturing a phase-type diffraction
element using a direct laser exposure method according to an embodiment of the
present invention includes a laser generation unit 10, a light quantity control unit 20, a
shutter 30, an exposure head 40, a tilt mirror 50, a focus adjustment unit, an exposure
lens 70, a substrate jig 81, a substrate installation unit 80, a rotation driving unit 90, an
X-axis driving unit 92, and a Y-axis driving unit.

The quantity of laser beam 1 generated by the laser generation unit 10 (in a specific
embodiment, an Argon (Ar) laser generator is used) is adjusted as the laser beam 1
passes through the light quantity control unit 20, and the laser beam 1 passes through
the shutter 30 intermittently interrupting the laser beam 1 and enters into the exposure
head 40. In a specific embodiment of the present invention, the light quantity control
unit 20 may include an acousto-optic modulator 22, a beam splitter 21, a photodiode 23
and a controller 24 as shown in FIG. 4.

As shown in FIG. 4, the route of the laser beam 1 entered into the exposure head 40
is changed by the beam splitter 21, the tilt mirror 50 and the beam splitter 21, and the
laser beam 1 passes through the exposure lens 70. The configuration of changing the

route of the laser beam 1 by reflecting the laser beam using the tilt mirror is not limited
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to the specific embodiment, but it can be changed depending on the structure of the
exposure head 40 and the position of the exposure lens 70, and it is apparent that such
a specific structure does not affect the scope of right of the present invention. As
shown in FIG. 4, the apparatus 100 for manufacturing a phase-type diffraction element
may include the tilt mirror 50 among the mirrors for changing the route and a tilt
mirror angle adjustment unit for adjusting the angle of the tilt mirror 50.

As shown in FIG. 4, the tilt mirror 50 angle adjustment unit may be configured of the
photodiode 23 and the beam splitter 21. The beam splitter 21 reflects the laser beam 1
to put the laser beam into the tilt mirror 50 and penetrates the light radiated from the
photodiode 23. The light emitted from the photodiode 23 passes through the beam
splitter 21, and it is reflected by the tilt mirror 50 and enters into the photodiode 23
again, and thus the angle of the tilt mirror 50 is adjusted.

In addition, the apparatus 100 for manufacturing a phase-type diffraction element
using a direct laser exposure method according to an embodiment of the present
invention may further include the focus adjustment unit. The focus adjustment unit
may adjust the focus of the exposure lens 70 by changing the distance between the
exposure lens 70 and a photo-curable resin substrate 5. The focus adjustment unit
according to a specific embodiment includes a laser diode 60, a beam splitter 21, an
optical detector 61, a focus control unit 62, and a PZT driver 63. A laser beam
generated by the laser diode 60 is reflected by the beam splitter 21, passes through a
beam splitter 21 placed at a lower position and enters into the exposure lens 70, and the
laser beam reflected by the exposure lens 70 passes through both of the two beam
splitters 21 and enters into the optical detector 61. The focus control unit 62 transmits a
control signal to the PZT driver 63 based on the information on the reflected laser
beam, and the PZT driver 63 changes the distance between the exposure lens 70 and
the photo-curable resin substrate 5 by moving the exposure lens 70.

The laser beam 1 passing through the exposure lens 70 is radiated on the photo-
curable resin substrate 5 installed in the substrate installation unit 80 provided around
the focus of the exposure lens 70. As is described below, the laser beam 1 corresponds
to a Gaussian beam 2 in the first embodiment of the present invention, and a laser
beam 1 having a uniform optical strength is used as a laser beam 1 according to a
second embodiment.

FIG. 5 is a cross-sectional view mimetically showing a Gaussian beam 2 penetrating
an exposure lens 70 and radiated on the surface of a photo-curable resin substrate 5,
and FIG. 6 is a graph showing a refractive index according to the cross section and the
diameter of a Gaussian beam 2.

As shown in FIGs. 5 and 6, the Gaussian beam 2 has an optical strength decreasing

from the center toward the outer side and a refractive index having the largest at the
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center and decreasing toward the outer side. Accordingly, if the Gaussian beam 2 is
radiated on the photo-curable resin substrate 5, distribution of the refractive index of
the photo-curable resin substrate 5 is changed, and a sine wave phase diffraction

grating is formed.
In addition, the apparatus 100 for manufacturing a phase-type diffraction element

using a direct laser exposure method according to an embodiment of the present
invention may include an X-axis driving unit 92, a Y-axis driving unit 93, and a
rotation driving unit 90. As shown in FIG. 4, the X-axis driving unit 92 is provided at
one side of the exposure head 40 and moves the exposure head 40 in the X-axis
direction. The photo-curable resin substrate 5 is installed on the substrate installation
unit 80, and the photo-curable resin substrate 5 can be fixed to the substrate installation
unit 80 by the substrate jig 81.

In addition, the apparatus 100 for manufacturing a phase-type diffraction element
using a direct laser exposure method according to an embodiment of the present
invention may further include a Z-axis driving unit for moving the substrate in-
stallation unit 80 in the Z-axis direction, i.e., the vertical axis direction. The rotation
driving unit 90 is configured to rotate the substrate installation unit 80 on the Z-axis
and may move the rotation driving unit 90 and the substrate installation unit 80,
including the Y-axis driving unit 93 combined below the rotation driving unit 90, in
the Y-axis direction as a set. In addition, the apparatus 100 may further include a tilt
table 91 between the rotation driving unit 90 and the Y-axis driving unit 93 to change
an angle of a rotation stage and the substrate installation unit 80 by tilting a rotation
stage and the substrate installation unit 80.

Mode for the Invention

Hereinafter, a method of manufacturing a phase-type diffraction element using a
direct laser exposure method according to a first embodiment of the present invention
will be described. The method uses the apparatus 100 for manufacturing a phase-type
diffraction element using a direct laser exposure method described above.

First, a Gaussian beam 2 having a specific width is generated by the laser generation
unit 10, and the Gaussian beam 2 enters and passes through the exposure lens 70
provided in the exposure head 40. Then, the Gaussian beam 2 is radiated on the photo-
curable resin substrate 5 installed at the focus of the exposure lens 70.

Accordingly, the refractive index of the photo-curable resin substrate 5 on which the
Gaussian beam 2 is radiated is changed. While the Gaussian beam 2 is radiated, the
control unit 94 moves the exposure lens 70 in the X-axis direction by driving the X-
axis driving unit 92. At this point, the control unit 94 adjusts the moving speed and

moving distance by controlling the X-axis driving unit 92.
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After moving the exposure lens 70 to a set distance in the X-axis direction, the
control unit 94 moves the substrate installation unit 80 in the Y-axis direction as much
as a specific distance by driving the Y-axis driving unit 93. Then, the control unit 94
moves again the exposure lens 70 in the X-axis direction as much as a set distance by
driving the X-axis driving unit 92.

FIG. 7 is a plan view of a substrate showing a radiation direction 8 of a Gaussian
beam 2 radiated by a method of manufacturing a phase-type diffraction element using
a direct laser exposure method according to a first embodiment of the present
invention.

If the Gaussian beam 2 is radiated on the photo-curable resin substrate 5 in the
radiation direction &, a sine wave phase diffraction grating is formed as the refractive
index of the photo-curable resin is changed according to the refractive index of the
Gaussian beam 2. FIG. 8 is a plan view showing a phase-type diffraction element 7
manufactured by a method of manufacturing a phase-type diffraction element using a
direct laser exposure method according to a first embodiment of the present invention.
FIG. 9 is a cross-sectional view showing distribution of refractive index 9 of a phase-
type diffraction element 7 manufactured by a method of manufacturing a phase-type
diffraction element using a direct laser exposure method according to a first em-
bodiment of the present invention.

Accordingly, a sine wave phase-type diffraction element 7 can be manufactured by
the method of manufacturing a phase-type diffraction element using a direct laser
exposure method according to a first embodiment of the present invention.

Hereinafter, a method of manufacturing a phase-type diffraction element using a
direct laser exposure method according to a second embodiment of the present
invention will be described. This method also uses the apparatus 100 for manu-
facturing a phase-type diffraction element using a direct laser exposure method
described above.

FIG. 10 is a cross-sectional view of a substrate and an exposure lens 70 showing a
method of manufacturing a phase-type diffraction element using a direct laser exposure
method according to a second embodiment of the present invention. FIG. 11 is a plan
view of a photo-curable resin substrate 5 showing a radiation direction 8 of a laser
beam 1 radiated by an apparatus for manufacturing a phase-type diffraction element
using a direct laser exposure method according to a second embodiment of the present
invention.

In addition, FIG. 12 is a plan view showing a phase-type diffraction element 7 manu-
factured by a method of manufacturing a phase-type diffraction element using a direct
laser exposure method and a graph showing distribution of refractive index 9 according

to a second embodiment of the present invention. FIG. 13 is a block diagram showing
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signal flow in a control unit 94 of an apparatus 100 for manufacturing a phase-type
diffraction element using a direct laser exposure method according to an embodiment
of the present invention, and FIG. 14 is a flowchart illustrating a method of manu-
facturing a phase-type diffraction element using a direct laser exposure method
according to a second embodiment of the present invention.

First, a laser beam 1 having a specific width is generated by the laser generation unit
10 S10. In the second embodiment, a laser beam 1 having a uniform optical strength is
used. Then, the laser beam 1 generated by the laser generation unit 10 is adjusted to
have a light quantity set by the light quantity control unit 20 S20.

Then, the laser beam 1 adjusted in quantity enters and passes through the exposure
lens 70 provided in the exposure head 40 S30. Then, the laser beam 1 is radiated on the
photo-curable resin substrate 5 installed in the substrate installation unit 80 provided at
the focus of the exposure lens 70 S40. Accordingly, the refractive index of the photo-
curable resin substrate 5 on which the laser beam 1 is radiated is changed S50.

Then, while the laser beam 1 is radiated on the photo-curable resin substrate 5, the
control unit 94 moves the exposure head 40 in the X-axis direction as much as a set
distance by driving the X-axis driving unit 92 S60. Accordingly, the refractive index of
the area on which the laser beam 1 is radiated is changed.

Next, the control unit 94 moves the substrate installation unit 80 in the Y-axis
direction, which is perpendicular to the X-axis direction and parallel to the plane
direction, as much as a specific distance (a distance as much as the width of the laser
beam 1) by driving the Y-axis driving unit 93 S70. In the specific embodiment, the
light quantity is adjusted to be smaller than the initially set light quantity.

Then, the control unit 94 moves the exposure head 40 in the X-axis direction as much
as a set distance by controlling the X-axis driving unit 92. Accordingly, the refractive
index of the area on which the laser beam 1 is radiated is changed, and the refractive
index is smaller than the initial value.

If these steps are repeatedly performed as many as a set number of times S80, a phase
diffraction grating having a refractive index distributed in the shape of a minute step is
manufactured. When the steps are repeated as many as the set number of times, the
light quantity is changed to the initially set light quantity S100, and the steps S60, S70
and S80 are repeated until a desired phase-type diffraction element 7 is manufactured
S90. A phase-type diffraction element 7 of a sawtooth wave shown in FIG. 12 as a
whole can be manufactured by repeating these steps.

While the present invention has been described with reference to the particular il-
lustrative embodiments, it is not to be restricted by the embodiments but only by the
appended claims. It is to be appreciated that those skilled in the art can change or

modify the embodiments without departing from the scope and spirit of the present
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Claims

An apparatus for manufacturing a phase-type diffraction element using
a direct laser exposure method, the apparatus comprising:

a laser generation unit for generating a laser beam having a specific
width;

an exposure lens for penetrating the laser beam generated by the laser
beam generation unit;

a substrate formed of photo-curable resin and installed at a focus of the
exposure lens, on which the laser beam is radiated on, and a refractive
index of which is changed by the laser beam; and

a driving unit for moving the substrate or the exposure lens in a plane
direction.

The apparatus according to claim 1, wherein the laser beam is a
Gaussian beam.

The apparatus according to claim 2, wherein a cross section of the
Gaussian beam has an optical strength gradually decreasing from a
center toward an outer circumference.

The apparatus according to claim 3, further comprising a substrate in-
stallation unit for installing the substrate, wherein the driving unit
includes an X-axis driving unit for moving the substrate installation
unit or the exposure lens in an X-axis direction which is parallel to the
plane direction.

The apparatus according to claim 4, wherein the driving unit further
includes a Y-axis driving unit for moving the substrate installation unit
or the exposure lens in a Y-axis direction which is parallel to the plane
direction and perpendicular to the X-axis direction.

The apparatus according to claim 5, wherein the driving unit further
includes a rotation driving unit for rotating the substrate installation
unit on a Z-axis which is a vertical axis.

The apparatus according to claim 6, further comprising a control unit
for controlling a moving direction and a moving speed of the X-axis
driving unit, the Y-axis driving unit and the rotation driving unit.

An apparatus for manufacturing a phase-type diffraction element using
a direct laser exposure method, the apparatus comprising:

a laser generation unit for generating a laser beam having a specific
width;

a light quantity control unit for adjusting light quantity of the laser
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beam generated by the laser generation unit;

an exposure lens for penetrating the laser beam generated by the laser
beam generation unit;

a substrate formed of photo-curable resin and installed at a focus of the
exposure lens, on which the laser beam is radiated on, and a refractive
index of which is changed by the laser beam; and

a driving unit for moving the substrate or the exposure lens in a plane
direction.

The apparatus according to claim 8, wherein the light quantity control
unit includes an acousto-optic modulator, a beam splitter, a photodiode
and a controller.

The apparatus according to claim &, further comprising a substrate in-
stallation unit for installing the substrate, wherein the driving unit
includes an X-axis driving unit for moving the substrate installation
unit or the exposure lens in an X-axis direction which is parallel to the
plane direction.

The apparatus according to claim 10, wherein the driving unit further
includes a Y-axis driving unit for moving the substrate installation unit
or the exposure lens in a Y-axis direction which is parallel to the plane
direction and perpendicular to the X-axis direction.

The apparatus according to claim 11, wherein the driving unit further
includes a rotation driving unit for rotating the substrate installation
unit on a Z-axis which is a vertical axis.

The apparatus according to claim 12, further comprising a control unit
for controlling a moving direction and a moving speed of the X-axis
driving unit, the Y-axis driving unit and the rotation driving unit and
controlling the light quantity control unit.

The apparatus according to claim 1 or 8, further comprising a focus ad-
Justment unit for adjusting the focus of the exposure lens by adjusting a
distance between the exposure lens and the substrate.

A method of manufacturing a phase-type diffraction element using a
direct laser exposure method, the method comprising the steps of:
generating, by a laser generation unit, a Gaussian beam having a
specific width;

passing the Gaussian beam through an exposure lens;

radiating the Gaussian beam on a substrate formed of photo-curable
resin and installed at a focus of the exposure lens;

changing a refractive index of the substrate on which the Gaussian
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beam is radiated;

driving, by a control unit, any one of an X-axis driving unit for moving
a substrate installation unit or the exposure lens in an X-axis direction
which is parallel to a plane direction, a Y-axis driving unit for moving
the substrate installation unit or the exposure lens in a Y-axis direction
which is perpendicular to the X-axis direction and parallel to the plane
direction, and a rotation driving unit for rotating the substrate in-
stallation unit on a Z-axis which is a vertical axis; and

forming a sine wave phase diffraction grating on the substrate on which
the Gaussian beam is radiated.

A method of manufacturing a phase-type diffraction element using a
direct laser exposure method, the method comprising the steps of:
generating, by a laser generation unit, a laser beam having a specific
width;

adjusting, by a light quantity control unit, the laser beam to have a set
light quantity;

passing the laser beam through an exposure lens;

radiating the laser beam on a substrate formed of photo-curable resin
and installed at a focus of the exposure lens;

changing a refractive index of the substrate on which the laser beam is
radiated;

radiating the laser beam on the substrate as wide as a set moving
distance by controlling, by a control unit, an X-axis driving unit which
moves a substrate installation unit or the exposure lens in an X-axis
direction which is parallel to a plane direction;

moving, by a Y-axis driving unit, the substrate installation unit or the
exposure lens as much as a specific distance in a Y-axis direction
which is perpendicular to the X-axis direction and parallel to the plane
direction; and

repeating the step of radiating the laser beam and the step of changing
the light quantity.

The method according to claim 15 or 16, further comprising the step of
adjusting, by a focus adjustment unit, a focus of the exposure lens by
adjusting a distance between the exposure lens and the substrate.

A phase-type diffraction element manufactured by the method of manu-
facturing a phase-type diffraction element according to claim 15.

A phase-type diffraction element manufactured by the method of manu-

facturing a phase-type diffraction element according to claim 16.
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